Abstract. We have used the effective field theory based on probability distribution method to investigate the hysteresis behavior of a magnetic nanoparticle with core/shell morphology in a random field. The hysteresis curves are obtained for different values of the random field and the temperature. We find a number of characteristic behaviors, such as the existence of double hysteresis loops for appropriate values of the system parameters. The remanent magnetization and the coercive field as a function of the temperature are examined.
Introduction
Magnetic nanoparticles have attracted a strong interest because of their outstanding properties, which is a result of their small size, and where both surface effects become dominant and quantum size effects occur. Magnetic nanoparticles have high potential for applications in diverse areas of highdensity magnetic storage media [1, 2] , magnetic resonance imaging [3] , non-linear optics [4] , ferrofluids [5] , environmental remediation [6] , catalysis [7] and biomedicine [8] . Theoretically, the magnetic properties of nanoparticles have been widely investigated by the use of various techniques, including the mean field model [9] , effective-field theory [10] [11] [12] , Monte Carlo simulations [13] [14] [15] [16] , Green's function technique [17] [18] and Bethe Peiris approximation [19] . Some studies show that we can find in these systems a very rich critical behavior and many interesting phenomena. Zaim et al. [16] have discussed the magnetic behaviour of a ferrimagnetic core/shell nanoparticle. They have found that the system can exhibit one or even two compensation temperatures. Experimentally, the magnetic properties of magnetic nanoparticles were characterized by Mössbauer spectra, magnetization curve, ferromagnetic resonance [20] , and EPR [21] . The forth is the applications of the nanoparticles and their assembly in various fields.
In particular, we call attention to the work of Kaneyoshi, [22] where he investigated the magnetization and the phase diagram of a nanoparticle described by the transverse Ising model within the two theoretical frameworks, namely the standard mean-field theory and the effective-field theory. However, the study the effects of the random magnetic field on the hysteresis behaviours of a nanoparticle with core/shell morphology has not been investigated. Therefore, the purpose of this study is to investigate the hysteresis behaviors of an Ising nanoparticle, using an effective field theory based on a probability distribution method. We also study the temperature dependence of the coercivities and remanent magnetizations.
The paper is arranged as follows: In Section 2, we give the model and the formalism. In Section 3 we present the results and discussions, while section 4 is devoted to a brief conclusion.
Model and formalism
We consider an Ising nanoparticle model consists of two dimensional arrangement of spins, disposed in concentric hexagonal rings [22] . As shown in fig .1 , the particle is composed of the surface shell and the core in which the core surrounded by the surface shell. Here, the model is taken into account the random magnetic field and the external magnetic field, which is quite different from that of Ref. [22] . The Hamiltonian of the model is given by
Where σ i =±1 is the usual Ising variable and J ij is the exchange interaction. J ij takes the value J s if both pseudo-spins belong to the surface ring and the value J c otherwise. h is an external magnetic field, h 0i is the random magnetic field acting on σ i , distributed according to a bimodal distribution: Two longitudinal magnetizations on the shell surface, namely m s1 and m s2 , and two longitudinal magnetizations on the core, namely m c1 and m c2 , within the framework of the effective field theory with a probability distribution technique, can be obtained as, 
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With β=1/k B T, T is the absolute temperature and k B is the Boltzmann factor.
Furthermore, let us define the longitudinal magnetizations per site of the shell surface M s , the core M c , and the total longitudinal magnetization of per site M T as follows:
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Results and discussions
The total magnetization per spin M T as a function of the random magnetic field h 0 for J s /J c =1, T/J c =0.25 and the absence of the external magnetic field h=0, is shown in Fig. 2 . We see that the first-order transition from the ferromagnetic (M T ≠0) to the paramagnetic (M T =0) state takes at h 0c =2.303. This type of behaviour of first-order transition has not observed in Ref. [22] where the model is studied without the random magnetic field. In order to investigated the influence of the random magnetic field h 0 on the hysteresis behavior of a ferromagnetic nanoparticle, a series of hysteresis loops for two regimes (h 0 <h 0c and h 0 ≥h 0c ) is plotted in Fig. 3 with the fixed parameters, J s /J c =1 and T/J c =0.25. From Fig. 3a (h 0 <h 0c ) , we can see that only a normal hysteresis loop and that with increasing h 0 , the zone of the loop decreases. We also see that two steps appear when the random magnetic field h 0 approach to its critical value h 0c =2.303. For h 0 ≥h 0c (Fig. 3b) , it is found that the shapes of the hysteresis loops changed from ferromagnetic hysteresis loop to double hysteresis loops and that when h 0 increases, the double hysteresis loops stretch further out horizontally. The dependence of the hysteresis loops on the temperature T for J s /J c =1 and for h 0 /J c =2.05 is shown in fig. 4 , it is seen that with increasing the temperature, the hysteresis loop is more compact 00035-p. 4 and lower; and the coercive field decreases. For T/J c >T c /J c the hysteresis loop disappears (T c =2.6). The coercive field and its slope vanished at the curie temperature. We can see that when the temperature increases, the remanent magnetization decreases from its saturation value at low temperature region and vanishes at the critical temperature. 
Conclusion
In summary, we have studied the hysteresis behaviour of the ferromagnetic nanoparticle on an Ising model, where we have taken the coupling constants J c and J s for the core and the surface shell respectively. Using an effective field theory based on a probability distribution method we have discussed the influence of the random field on the magnetic properties of a nanoparticle with core/shell morphology. It is shown that the shapes of the hysteresis loops changed from ferromagnetic hysteresis loop to double hysteresis loops and that when h 0 increases, the double hysteresis loops stretch further out horizontally. It is also shown that, the coercive field and the remanent magnetization decreases with increasing temperature.
